Several age groups of nude homozygous rnu/rnu and heterozygous rnu/+ rats of the same genetic background at an early stage of back-crossing (LEWfMol) were compared as to body and organ weights, histological appearance and cell density of lymphoid organs, haematological values and differential counts of bone marrow and peripheral blood. No thymic tissue was found in the nude animals. 7-week-old nudes were smaller than control animals and had relatively larger nonlymphoid organs and cell-depleted peripheral lymphoid organs. Other age groups showed little difference. Peripheral blood of nude rats showed no signs of lymphopaenia in contrast with the findings in nude mice. The number of thoracic duct lymphocytes was, however, significantly smaller in all age groups of the nude rats, and the bone marrow tended to contain fewer lymphocytes.
Summary
Several age groups of nude homozygous rnu/rnu and heterozygous rnu/+ rats of the same genetic background at an early stage of back-crossing (LEWfMol) were compared as to body and organ weights, histological appearance and cell density of lymphoid organs, haematological values and differential counts of bone marrow and peripheral blood. No thymic tissue was found in the nude animals. 7-week-old nudes were smaller than control animals and had relatively larger nonlymphoid organs and cell-depleted peripheral lymphoid organs. Other age groups showed little difference. Peripheral blood of nude rats showed no signs of lymphopaenia in contrast with the findings in nude mice. The number of thoracic duct lymphocytes was, however, significantly smaller in all age groups of the nude rats, and the bone marrow tended to contain fewer lymphocytes.
The athymic nude rat has become more and more popular for immunological and oncological studies (Brooks et al., 1980; Eccles, 1980; Pritchard & Eady, 1980; Salomon, Lynch, Prin, Lascaux & Galinha, 1980; Vos, Kreeftenberg, Kruijt, Kruizinga & Steerenberg, 1980; Colston, Fieldsteel & Dawson, 1981; Marshall & Miller, 1981) . 2 mutants, the Rowett and the New Zealand (Festing et al., 1978; Berridge, O'Kech, McNeilage, Heslop & Moore, 1979 ) nude rat, have been described. The morphology of their lymphoid organs has been studied by several authors (Brooks et al., 1980; Fossum, Smith, Bell & Ford, 1980; Vos, Berkvens & Kruijt, 1980; Douglas-Jones, Nelson, Jansen & Miller, 1981) , but generally animals have been of an ill-defined genetic background and studies dealing primarily with the quantitation of lymphoid and non-lymphoid organs have not been published.
Therefore, it seemed well warranted to gain information about organ weights, cell density and differential counts of partially inbred nude rats. In the present study quantitations of various organs and cell lines were performed in different age groups of Rowett homozygous rnu/rnu and heterozygous litter mate controls on a partial Lewis background, and homozygous Lewis rats.
Materials and methods

Animals
Athymic Rowett rnu/rnu male rats partially backcrossed to a LEW background and their heterozygous rnu/+ litter mates were examined.
For reasons of comparison 7-week-old normal +/+ LEW/Mol rats were also included in the study. A total number of 80 animals was used.
Breeding pairs were originally obtained from M0llgaard's Breeding Centre Ltd, Ll. Skensved, Denmark. The animals were kept in Makrolon type III cages with stainless steel tops. They were fed autoclaved Altromin 14 I 0 pellets ad libitum. The drinking water, also ad libitum, was distiiled and 2 ppm chlorine added. Sterile cage bedding was u.sed and the animals were kept under SPF conditions. The temperature was 27 ± 1 0 C and the relative humidity 55 ± 5%.
The breeding scheme was as described by Snell (I948) for introdUCing a recessive gene into an inbred strain. Nude males, mainly on a Lister background, but mixed up with a number of inbred and outbred rat strains, were mated with LEWfMol +/+ females. Brother x sister matings with the known heterozygous offspring were performed and the healthiest looking nonpigmented nude males resulting from these matings were crossed back into the LEW/Mol strain. The nude and heterozygous animals used in the present study were all of 3rd and 4th backcross-intercross and were examined at different ages: newborn, I week, 2 weeks, 4 weeks, 7 weeks and 6 months.
Quantitation procedures and differential counts
The animals were anaesthetized with Brietal 0'01 cc of a 2% solution per g body weight. Lymph was obtained from a cervical thoracic duct fistula. Blood was withdrawn from the right subclavian artery, the animals were exsanguinated and organs were weighed. Part of the lymphoid organs (thymus, spleen, mesenteric lymph node, I inguinal node) were thereafter homogenized in a Cellector Sieve, so as to separate lymphoid cells from the matrix. I femur of each animal was carefully flushed with fetal calf serum. Cells from the thoracic duct lymph, lymph nodes, spleen, femur and thymus were diluted in Turk's solution and counted in Burker Turk counting chambers. Blood cell counts and haemoglobin, erythrocyte volume fraction and MCV measurements were performed in a Coulter Counter Model 5s. For differential counts smears from peripheral blood and bone marrow were stained with May-Grunwald Giemsa stain and 200 nucleated cells were counted. We used a slight modification of the classification described by Rygaard & Povlsen (1974) .
Histological procedures
Peripheral lymphoid organs (mesenteric and inguinal lymph nodes and part of the spleen) from all animals, the upper mediastinum of the nudes and part of the thymus from the control animals, were fixed in formalin, embedded in paraffin wax, cut in 5 /-lm sections and stained with haematoxylin and eosin for histological examination.
Statistical analyses
Statistical procedures were performed at North European Universities' Computing Centre (NEUCC), Lundtofte, Denmark, using the Statistical Analysis System (SAS). In analysing differences between the genotypes";".2",by "2, the Wilcoxon's 2-sample test was applied. The 5% level of significance was chosen.
Results
Animal weights
As seen from Table I there were no systematic differences in bodyweights between the genotypes. However, it was noteworthy that 7-week-old nudes were Significantly smaller than both heterozygous and +/+ animals.
Organ weights and cellularity
There were some differences in organ weights, but when these weights were correlated to the bodyweights there was no systematic difference, except that 7-week-old nudes had larger heart, lungs, kidneys and adrenal glands (Table I) 
. Regarding
Hougen & Klausen the number of cells per mg of lymphoid organs ( Table 2) the thymus was most densely populated at the age of 7 weeks. As expected, the lowest values were seen in the old animals. The 7-weekold nude animals had significantly less densely populated lymphoid organs than both their heterozygous litter mates and the homozygous normal LEW rats. There was no difference between the heterozygous and the homozygous normal LEW animals. Table 3 shows that the peripheral blood leucocyte counts differed only in the 4-and 7-week-old animals. In all age groups lymphocyte counts tended to be higher and granulocyte counts lower in the nudes. The thoracic duct lymph, however, contained significantly fewer lymphocytes in the nude animals. This was also a constant finding in all age groups. The haemoglobin concentration (Table 4 ) was similar in nudes and control animals. Erythrocyte counts tended to increase with increasing age in both the nudes and the control animals. Except for the youngest animals the values were lower in the nude rats. In some age groups the nude animals had a lower erythrocyte volume fraction. No constant difference was observed in MCV and MCHC.
Blood, lymph and bone marrow findings
The total cell number per femur (Table 5) only differed significantly at the age of 7 weeks, where the nude animals also had both fewer granulocytes and progenitors and fewer lymphocytes.
Histology
Histological sections of thymus in rnu{+ and +{+ rats showed a fine nodular "structure and normal proportions of cortex and medulla. The upper mediastinum of the nude animals contained no lymphoid tissue, only fat and in some animals small epithelial cysts. The spleen and lymph nodes of the nude rats showed considerable lymphocyte depletion in the thymus-dependent zone, i.e. the periarteriolar area of the splenic white pulp and the paracortex of the lymph nodes.
Discussion
It is impossible to compare results from different laboratories when the animals used are genetically ill-defined. We therefore found it important to gain information about the effects of the rnu gene in genetically uniform, non-stimulated animals. Investigations of surface antigens of nude rat lymphocytes, and variation of different parameters under experimental stress, were beyond the scope of this study, but will be performed at a later stage in the gene transfer.
The gross characteristics of the nude rats and 
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All values: mean ± SEM. *P < 0'05, rnu/rnu differing from both rnu/+ and +/+. No significantdifference between rnu/+ and +/+. the histological features of their lymphoid organs were as previously described (Festing et al., 1978; Vos et al., 1980a; Douglas-Jones et al., 1981) .
Others have reported that nude rats were smaller than controls (Vos et al., 1980a) . We found no systematical difference in bodyweight, although 7-week-old nudes weighed significantly less than both the heterozygous and homozygous normal LEW animals. The relatively higher organ weight of non-lymphoid organs (heart, lungs, kidneys, adrenal glands and liver) in the 7-week-old nudes could not be reproduc~d in other age groups, and the significance of this finding is obscure. The relative weight of the peripheral lymphoid organs did not differ in any of the age groups, but the number of cells per mg was lower in the 7-weekold nudes. The latter corresponds well with the present and previous histological findings (Fossum et al., 1980; Vos et al., 1980a; Douglas-Jones et al., 1~81) . Lymph nodes of young control animals tended to contain a higher number of cells per mg. The lack of significant difference in spleen and lymph nodes in the older animals is probably due to an age-dependent decrease,in number of lymphocytes (Burke & Harris, 1959; Fand & Gordon, 1957; Ropke, 1977) and fits in well with our findings in bone marrow, peripheral blood and thoracic duct lymph.
The total leucocyte counts of peripheral blood only differed significantly in the 4-and 7-week-old animals. This corresponds well with the findings of Vos et al. (I 980b ) who also noted a significantly lower leucocyte count in young nudes. In other age groups there was no significant difference, which corresponds well with previous reports on both the Rowett (Vos et al., 1980b) and the New Zealand nude rats (Berridge et al., 1979; Douglas-Jones et al., 1981) . However, we found both higher percentage and number of blood lymphocytes in all age groups of nude animals. One would expect a lymphopaenia in nude rats as found in nude mice (Rygaard & Povlsen, 1974; Hougen, Hansen, Jensen & Ropke, 1977) , since nude rats are T-lymphocyte depleted like nude mice (Festing et al., 1978; Brooks et al., 1980; Marshall & Miller, 1981; Klausen, Hougen & Rygaard, 1982) and the thoracic duct of nude rats shows significantly lower lymphocyte counts at all ages.
The haemoglobin concentration of peripheral blood showed no difference between nude and heterozygous animals. This corresponds well with findings in both the New Zealand nude rats (Douglas-Jones et al., 1981) and different strains of nude mice (Rygaard & Povlsen, 1974) . The lower erythrocyte counts and erythrocyte volume fraction in some age groups of nude animals could not be due to depression of the erythropoietic capacity since both groups of animals had comparable numbers of erythroblasts.
The bone marrow cells were similar both in morphology and quantity. The lower cell counts in the 7-week old nudes are probably due to the fact that at this age they were smaller than the controls. This is the same tendency as observed in nude mice (Ropke et al., 1975; Hougen et al., 1977) , although in the nude rat it is not reflected in the number of peripheral blood lymphocytes. As most bone marrow lymphocytes are formed in situ (Osmond, 1972) this could indicate that in the nude rat a greater proportion of these cells migrate.
In conclusion, the present study reveals quantitative abnormalities mainly in young adult nude rats. The only constant age-independent differences between the genotypes are fewer thoracic duct lymphocytes and a tendency to an increased number of peripheral blood lymphocytes in the nudes.
Since this study concerns an early stage of gene transfer, further studies are necessary when the gene transfer is complete and the possible differences are due to the rnu gene alone.
